In large part due to the highly prescribed nature of the typical school day for children, efforts to design new interactions with technology have often focused on less-structured after-school clubs and other out-of-school environments. We argue that while the school day imposes serious restrictions, school routines can and should be opportunistically leveraged by designers and by youth. Specifically, wearable activity tracking devices open some new avenues for opportunistic collection of and reflection on data from the school day. To demonstrate this, we present two cases from an elementary statistics classroom unit we designed that intentionally integrated wearable activity trackers and childcreated data visualizations. The first case involves a group of students comparing favored recess activities to determine which was more physically demanding. The second case is of a student who took advantage of her knowledge of teachers' school day routines to test the reliability of a Fitbit activity tracker against a commercial mobile app.
INTRODUCTION
In many ways, school-aged children in the United States have little freedom to design their days. Parents and other adult authority figures often dictate what children are allowed to do and when they can do it. As a result, children are limited in where they can choose to go, how they choose to get there, and how much time they can spend immersed in a given activity. The school day is a canonical example of this. When children are at school, behavioral routines are already well established. Children are to come in, sit down, and do assigned work. They are to move to different rooms only at designated times and on designated days. Even children's means of getting to school is often beyond their ability to dictate. For instance, while playing a fitness learning game where increased physical activity yielded more resources in a virtual game world, many children began walking to school. However, many students felt disadvantaged because they did not have the option to choose to walk to school, because of parents' rules, geographic location, or other constraints [4] .
It is then not surprising that many efforts to design meaningful and engaging technology interactions that go beyond "sitting in the computer lab" involve non-school settings, such as afterschool clubs, museums, or online environments [11, 22] . In those spaces, children are thought to have more flexibility with respect to what activities they can pursue. The standard time limits typically established by school bell schedules are no longer imposed. Identities and roles taken by youth and adults are also far more fluid [3, 10] . When a comparison is drawn between school and non-school settings, schools appear to be far more constrained and less attractive spaces for creating innovative child activities and interactions.
However, the contention of this paper is that while there are admittedly constraints associated with children's days-and specifically from compulsory attendance at formal schools-there are also new and creative ways to leverage routine school activities for novel purposes. For those who want to alter the kinds of interactions with and among children who spend a substantial amount of time in traditional schools, we should be open to exploring ways for designers and for children to take advantage of existing school routines. To illustrate how this is possible, we present two cases that come out of a multi-year design-based educational research [27] project with fifth-grade classrooms in Northern Utah. As a research and design team, we have committed multiple years to the development of classroom lessons and activities incorporating specifically selected technologies (i.e., wearable Fitbit activity trackers, a custom web tool for data extraction, and TinkerPlots [13] data visualization software, see Figure 1 ) with the hope of helping students to engage in practices of elementary statistical analysis. The two cases show different ways in which school day routines can be opportunistically leveraged by designers and by children. The first case involves students challenging and then reexamining the amount of physical activity involved in favored recess games. The second involves a student collecting and inspecting data from two teachers' routine afternoon movements to compare the reliability of a wearable tracking device and a mobile app. By presenting the two cases in this paper, we seek to demonstrate that, in spite of the seemingly rigid constraints on children's school day activities, there are productive ways to be opportunistic within the structure of a traditional school day and in service of encouraging children's meaningful inquiry and investigation experiences.
RELATED WORK
In educational design research, there have been some notable past efforts to harness aspects of school routines and norms in ways that are consequential for instruction. One noteworthy example comes from the Cheche Konnen project at TERC, in which immigrant students who had prior opinions about the quality of water from water fountains on different floors in their school building (which influenced which fountains students were willing to use). These opinions became subject to a series of student-led tests of water quality and student taste preference [26] . Other efforts include units designed to help students investigate the nutritional quality of their school lunch [12] , to photo-document and reflect on typical activities in a classroom [5] , or to examine overall changes in recess activity over the course of a week [18] .
In recent years, the availability of new technologies has enabled yet more opportunities for students to inspect aspects of their school day experiences. For instance, growing commercial interest in wearable activity tracking devices has reduced the cost of these devices to the point that they are viable options for turning portions of the school day into objects of inspection [19] . Although these devices are typically marketed toward adults and individuals concerned with improving their health or wellness, students can and are beginning to use them to capture personallyrelevant records of their daily activities [17] .
At their core, these devices are simply sensors (accelerometers, to be precise) with proprietary algorithms that enable them to make a reasonable approximation of some quantified physical activity. Most often, this includes steps taken, calories burned, and distance traveled. Newer, wristband-based devices can also record heart rate, elevation gain, and geo-location. These features are many of the same ones being touted with the rise of "smartwatches." While there actually has been a long tradition of sensor use in education and in schools, such as was the case with microcomputer-based labs and with probeware [28] , wearable activity trackers are sensor suites that offer key and unique affordances [19] .
The primary affordance to using wearable activity trackers in schools, in comparison to older standalone sensor technologies, is that they will act in the background of an ongoing student activity. Whereas probeware required the user to be actively engaged and focused on data collection activities, a wearable activity tracker will passively gather information about the wearer's movement, caloric expenditure, or elevation gain without requiring that individual's attention. This means a child can gather activity data without disrupting their regular routine, and then subsequently examine and reflect upon these data [23] . Students can encounter and engage with new representations of information on topics and experiences of which they are already highly familiar and are arguably experts [8] .
In some earlier work, this overarching approach has shown promise for supporting student learning. We have seen evidence of significantly greater gains in certain elementary statistical topics over traditional instruction [20] and students building on prior recollection of their subjective experience of activities to develop new and more appropriate visual analysis strategies [19] .
RESEARCH AND DESIGN CONTEXT
For multiple years, our team has been engaged in a program of design-based educational research [27] with two fifth-grade classrooms that involve wearable activity trackers and students becoming acquainted with practices of data representation and analysis. This program has involved partnerships with a public elementary school and its teaching staff to design learning interactions and materials and support implementation of datacentered activities in the classroom. The school is in a small city in Northern Utah and has over 30% of its student population receiving free or reduced lunch, comparable to other schools in the area. As is the case for the geographic area, the school population is predominantly white.
Over multiple design iterations, our team created and refined a set of lessons, inspired in part by the Quantified Self movement and other technology-supported tracking practices [16] , that encouraged students to explore wearable device capabilities and prepared them to participate in a formal examination and critique of some traditional methods of representing data, including timeordered displays and histograms. These preparatory lessons included variability and distribution as they relate to measurement. Variability and distribution have been recently identified as both attainable and essential topics for elementary students to master if they are to make meaningful progress in learning statistical content [14, 21, 25] . In an earlier year, for instance, we found that students were initially skeptical of the accuracy of step data obtained from Fitbit Ultra clip-on devices. After some systematic testing and exploration of variation, students were ultimately convinced that the wearable devices were accurate enough for their measurement purposes when allowing for a normal pattern of variation (see Figure 2) . In a later project year, we realized that while students were able to engage individually with their own data, they often lacked common focus and language for regularities across different individuals' datasets. Thus, in the more recent design instantiation from which our case studies originate, we opted to have students examine one individual's activity data as a class in depth initially.
This was an appropriate move because, as pointed out in other research, students can and do exhibit difficulty or initial resistance to canonical dashboard activity data displays (such as the one provided at fitbit.com, Figure 3 ) [4] . One opportunistic solution we devised was the implementation of what we called "Fitbit starters." These were short data exploration episodes that took place each day during what was known in the partnering school as "morning meeting." At the beginning of each day, the students gathered for 20-30 minutes on a rug in a corner of the room for a community discussion facilitated by the teacher. These discussions covered topics including recent concerns at the school (e.g., bullying, or helping students dealing with personal grief) and plans for the week or later in the school year (e.g., assemblies, upcoming field trips, or fundraisers). Students often took turns during morning meeting sharing experiences or personal observations that were important to them, and others were given time to comment. Sometimes conversations would even involve casual discussion of what students had done during the previous day or weekend.
When our designed unit began in the current year, the teachers participating in our study allotted some of the morning meeting time to be spent with a student showing and discussing what activity data they had collected the previous day. Having these conversations was a natural extension of the morning meeting routine. As far as we were concerned as educational designers, this public display of data was also intended to familiarize all the students with select canonical data displays on the Fitbit dashboard and make their interpretive strategies communal.
Students would state what they noticed and point at key features so that other students would know what was being referenced and interpreted at a given time. Through observing Fitbit starters, we noted that students often engaged in a kind of joint reconstruction of the previous school day's events as they sought to account for a given individual's increases and decreases in activity [15] .
After a couple of weeks of Fitbit Starter activities and preparatory lessons related to recognizing variation in activity measurement, students worked individually or in small groups on custom projects using the technologies available to them. Researchers from our team were on hand to help students with data downloading and cleaning so that the students could devote most of their attention to posing questions and creating and looking at visual representations of their data. During these implementations, researchers from our team video recorded each day's lesson. Additionally, we used multiple forms of pre-and post-assessment, specifically written tests and semi-structured interviews. These all also involved a staggered-implementation control classroom.
For the current report, we generated two cases by combing through 33 hours of video footage and identified and marked all instances involving a selected group of students speaking. We also drew from explicit student statements made in video-recorded post interviews where they explained their wearable device activity data project to a member of the research team. These interviews lasted from 30 minutes to an hour each. Together, these and the physical activity data that students gathered for their investigations were all reviewed to produce the following two narrative cases.
The first case is one in which favored recess activities became an object for student inspection and dispute. The second is a studentconceptualized reliability comparison of the Fitbit Ultra tracker and an iPhone app involving teachers who had fairly routine schedules. Following discussion of these two cases, we present a comparison of student scores from the class that housed these case students against the aforementioned control classroom, comparing what was understood at the same moment in time between the two classes. We also will show what gains were made by the control class before and after they separately completed similar physical activity inspection lessons and custom projects.
CASE 1: COMPARING TWO RECESS ACTIVITIES 4.1 Initial Motivation
The first case focuses on three students: Geoff, Lauren, and Neill (note: all participant names in this report are pseudonyms). The motivation for a project they pursued originated during a morning meeting Fitbit starter when they discussed a student's data from a previous day. During that day's discussion of data from that morning's focal student, Eric, the class noticed two large spikes in the data, with one larger than the other. When the teacher asked Eric to describe what he saw in the data display, he immediately noted the first spike and attributed it to being a period of much higher intensity of activity. When asked by his classmates what he was doing during this high-intensity activity, Eric said he was participating in recess. When pressed for more details, he said he had been playing football with his friends.
As Eric proceeded to narrate the rest of his day, he commented that there was another "spike" around midday that corresponded to lunchtime, which also included a much longer recess. This second spike was not as tall as the first. Again, other children in the class had asked what he had done the previous day during lunch recess. He responded that he had played basketball, rather than football again. As is common in elementary schools, some amount of posturing and identification with activities immediately took place. Students (largely males) began speaking out of turn and taunting that football was a more demanding activity than basketball. This quickly escalated to a claim that football was the most demanding of all possible recess activities, a claim which many of the boys in the class verbally accepted. The importance of this incident is that it struck an immediate chord with a group of students who did not play football at recess (or basketball). Most of the students who played football in that fifth grade class were the more athletically inclined males. Only on occasion did we observe a girl participating in the recess football games. Among the more athletically inclined girls, basketball and soccer were preferred recess pastimes that still required an acceptable level of exertion. Soccer and football were both played on a large field adjacent to the standard school blacktop area. The activity of the day often depended on which group of kids had gotten to the field with proper equipment first.
Figure 5. Class playing soccer for data collection purposes.
Despite the vocal support for football, Geoff, Lauren, and Neill, remained skeptical that football could be the most physically active (i.e., require more steps) recess sport, particularly in comparison to soccer-their preferred sport. Football, they noted, involved periods of time where several children stood motionless in a line, while soccer had no such requirement. When the time came to pursue a custom project, it was imperative to them to prove that football was not the most active sport by showing instead that soccer was more active than football. They just needed to get data to support that position.
Resulting Inquiry
Geoff, Lauren, and Neill convinced the class to participate in a head-to-head comparison. They thought that football and soccer would make for an interesting comparison, since they are both active, and it is not intuitively clear which is more active based on personal experience alone, as Geoff shared in a post-interview: Because the entire class was already wearing Fitbit activity trackers, data collection did not involve any additional work beyond having everyone in class play the same sport for a 20-minute block of time. The class data collection was completed over two days, with kids being asked to play football on one day and soccer on the second. Once data collection was complete, our research team downloaded the activity dataset (1120 data points) using a custom PHP-based online tool we created (http://ecds.ed.usu.edu/fitbit), and provided it to the students for inspection. However, when they saw the data, they observed there were a number of extraordinarily low values. These, they realized, were from kids who, for various reasons, did not really participate in one or the other sport.
Geoff: We didn't use everyone's data because some of them weren't even playing the game, some people were just standing there, people were walking around randomly, some people were not even playing the game so we chose people who we knew were playing because we had seen them play… We wanted to include the people who were actually participating otherwise it would be false data points. It would just be data points that would make soccer better because some people didn't want to play football.
One thing to note in the data inquiry is that the students confronted real issues related to outliers and data cleaning. They had to make decisions about what data were worth including and what would make for a fair comparison. These are rather sophisticated considerations for a fifth-grade student, but because they were there and could see how people were participating in the activities in person and had developed an understanding of how recess activity data typically looked from participating in Fitbit starters, they felt able to make appropriate decisions.
Geoff: We knew these people were not participating; it was going to be adding more weight-false data. I think of data as weight. If we're adding people who just played soccer and not football, and it's just adding dead weight.
The three students eventually decided that, in order to be fair, they needed to include only those students who legitimately participated in both days. So, students who were absent one day or who were visibly not participating in one sport but were participating in the other were excluded from their dataset.
Once they compiled the data that met their criteria, they set about analyzing their data using the TinkerPlots data visualization software. After several attempts to organize their data, they created the following visualization (see Figure 6 ). Upon visual appraisal, the three students decided that the shapes of the two distributions were more or less comparable with one another. Based simply on overall shape, there were no major differences of concern. Consistent with the kinds of data they had examined in the preparatory lessons they experienced before, both soccer and football histograms peaked in the same bin and tapered along each side. This meant that there was no easily discernable difference.
Next, the students moved beyond informal visual inference based on distributional shape to look at the mean values for the two sports they had compared. Using the 'show mean' feature built into TinkerPlots, they found that soccer produced an average of
Based on these values, it could have been reasonable to infer that football involved more activity (at least in steps) than soccer. However, they decided that this difference was not entirely meaningful. As Geoff explained:
Geoff: It's really not much of a difference, it looks like a difference at first but when you really look at it, it is not much of a difference it looks like a step, but it is not even a step.
A logical follow up analysis could be to test for statistical significance, but this was more advanced than what we had expected the students to do. Instead, the students drew on their own prior knowledge, having routinely participated in these sports and seeing representative data in morning meeting Fitbit starters, to determine that an average of a fraction of a step more per minute (0.4 steps/minute) was not a meaningful difference for their purposes. Furthermore, Geoff added the following:
Geoff: Once you think about it and look at these you think one step, who cares if it takes one more step. One step is not even going to burn ¼ of a calorie, it won't even make you more fit so you might as well do one or the other because they are practically the same. If it took 100 more steps then possibly you would choose one [game] or another, but if it takes ½ a step…then it doesn't matter there is not anything extra. The game is fun, but which one of these you think is fun is the one you should be playing because they have the exact same amount of steps taken.
In the end, leveraging their knowledge of and experience with routine recess activities enabled these students to conclude that soccer and football could be viewed as requiring more or less the same level of activity as one another for the students in their class. For the time being, an athletic truce had been drawn.
Things learned and demonstrated
Through this set of experiences, the students learned and demonstrated a number of things. First, they noticed that recess varied and discussed how it varied, as shown in the initial morning meeting when football was believed to be the more athletically active recess game. This belief and a desire to disprove it motivated further inquiry.
Geoff, Lauren, and Neill also learned about real issues involved with data cleaning and dealing with extreme outliers. They had points that did not conform to what the rest of their data were showing, and they used their own recall of the previous days' events to make determinations about what data to keep and what data to exclude. They were also demonstrating a sense of what made for a fair comparison and only included individuals who had participated in both sports so as to not overly 'weight' the numbers on one sport.
In addition, the students also demonstrated some sophistication in the methods they used for looking at larger sets of data. They examined the distributional shape and location of histograms for major differences and used those to make inferences. In this particular situation, informal inference could not provide a satisfactory answer, so the students used the mean for comparison. But even when they used a single numerical value (note: they did not explore nor learn about standard deviation), they developed a meaningful, practical interpretation; because the means differed by less than a full step and partial steps did not warrant concern in this context, the difference in activity demands between soccer and football was not "significant."
Opportunistic Use of the School Day
This case highlights two ways in which our interaction design used the school day structure opportunistically. First, we incorporated data analysis activities (i.e., Fitbit Starters) into the school's morning meeting. Morning meeting was already a time set aside for students to safely air their personal sentiments publicly. Incorporating the Fitbit starter activities into the morning meeting allowed students to apply those norms to interpreting and discussing data displays.
The second way our design opportunistically leveraged school routines was the deliberate examination of data from recess activities. Recess holds a special place in the school day as a small window of time during which students are allowed to pursue activities of their own choosing. These activities and the freedom they represent were of great personal value to individual students. Using wearable fitness devices, these activities also became objects of both inspection and contention. Although we previously pointed out that students do not often have the opportunity to design their days, recess still maintains a special status as period in which the children make the rules and choose what to do. This freedom gave them a time to focus upon and find some variation from what other students might have.
In this case, the students opportunistically leveraged their familiarity with and affinity for particular recess activities in the formation of their research question. While discussing a classmate's dataset (i.e., Eric's data), members of the class began to draw inferences about the relative activity levels of various recess activities (e.g, football was most demanding). Hearing these sentiments but lacking supporting quantitative data, Geoff, Lauren, and Neill drew on their experience with recess activities and their preference for soccer to form their research question: Which sport demands the most of students at recess? Thus, combining data analysis activities with an open-forum morning meeting provided valuable opportunities to stimulate questions of interest to the students. It also enabled the students to draw on their own specific recollections of who actually played both sports so that they could make a fair comparison.
CASE 2: COMPARING DEVICE RELIABILITY DURING TEACHER AFTERNOON ROUTINES 5.1 Initial Motivation
The second case is of a single student, Emily. During our study, we tried to capture interactions between students as they grappled with questions of data analysis. This typically favored student groups who were vocal and could productively engage with one another. Because Emily worked on her own, we initially avoided recording her. During a routine check-in to make sure she was making reasonable progress, the second author recognized that Emily was engaging with her data in interesting and at times, quite sophisticated ways. After that, we assigned a researcher to join Emily, primarily to give her someone with whom to talk and to make her thinking visible for us. We present her as a case here to demonstrate how a student can opportunistically leverage the school day structure of teachers and staff rather than that experienced by students, as was shown in the previous case.
The focal student, Emily, was in her first year at our partnering school. She was soft-spoken, attentive during lessons, and naturally curious-in many ways an ideal student. Because of her demeanor, she often seemed more comfortable interacting with some of the teachers than with other students in her class, which Despite the iOS app being labeled "useless" by her brother, Emily determined to systematically test for herself how the "accuracy" of a step counting app compared with a Fitbit. Rather than using the "useless" app, Emily used Mrs. Thompson's favorite step tracking app because she had, in Emily's words, "tons of pedometers on her iPhone," a fact she became aware of while volunteering in Mrs. Thompson's class during the afternoons.
Because students were not permitted to use an iPod/iPhone during school, Emily could not participate in her own study. Rather, she enlisted two adults with whom she interacted regularly, and whose activities she was able to observe-Mrs. Thompson and a student teacher from her own classroom with whom she had also grown friendly. Thus, with the two teachers available, she was ready to begin a multiday comparison.
Resulting Inquiry
Every day for two weeks, Emily left her class at the start of lunch to provide Mrs. Thompson with a Fitbit activity tracker (the student teacher already used one). She would also make sure that each participant started her phone app and reminded each to carry her phone with her as much as possible. Emily then gave them each a sticky note on which she had written the date, each teacher's name, and the starting count for each step-tracking tool they were each to use. Each afternoon, the teachers were to return the sticky notes and Fitbit (for Mrs. Thompson) to Emily with the final numbers for the day. After receiving the sticky notes, Emily entered those into Tinkerplots as data and calculated how many steps had been counted (see Figure 7 ).
Figure 7. Emily with the day's post-it notes from the two teachers entering data into a table.
Despite having two willing participants, Emily still ran into challenges with data collection and data quality. End-of-day teacher activities (e.g., supervising the car pool pick-up zone), inadvertently deactivating the app, or even wearing clothes without pockets affected the number of steps counted by the step counting app; without pockets, the teachers had to tuck their iPhones into other articles of clothing, typically a boot. Additionally, the teachers occasionally forgot to record their step counts or would lose the sticky note before they could get it to Emily. Because the Fitbit website reported step counts in 15-minute increments, the teachers were able to provide archived step information from their Fitbits. However, the app only reported total steps, so retrospective data from the app was frequently distorted or not saved and, therefore, unavailable.
After looking over her data set, Emily decided that she could not use days of data where she had information from one device but not the other because the actual measurements from the same events were not present. So, while she had her two teachers obtain data over multiple weeks, she did not have a full set of data points to reflect that.
As she analyzed the data, she took personal note about unusual activities. For instance, she noted if the teacher had to put the iPhone in a boot rather than in a pocket. She noted days that had mismatched data. She also noted one day in particular when she heard on the intercom that Mrs. Thompson was being summoned to go downstairs to the main office unexpectedly for an emergency meeting in the afternoon, which she knew was atypical. Not all of these details were maintained carefully nor were they included in her resulting data representations, but she did factor these things into her analysis.
Figure 8. A single teacher's set of data from days with both Fitbit data (red/top) and iPhone app data (green/bottom).
Using data displays she had created in TinkerPlots, like the one shown in Figure 8 , Emily began to interpret her data. First, she had a sense that the numbers being recorded were different but generally followed similar patterns. The range of values was more or less reasonable and could be explained given her awareness of what the typical teacher afternoon looked like:
Emily: [Pointing to the data] here it says 2000 that seems about correct for [the afternoon] because she is sitting down at lunch, [then] we are sitting during the day during read aloud, also my teacher has a lot of sitting and explaining for a half an hour and we get to do the project for 10 minutes, so that is what we are doing most of the time.
Note that the awareness of standard afternoon activities, both from her own experience as a student and given her familiarity with what the teachers were often doing, played an important role. Having studied data from her own activities and those of her classmates, Emily was able to calibrate her expectations for how many steps a student should get in a day. Her familiarity with the teachers' behavior, where their activities were similar to student activities and where they differed, allowed her to estimate a "correct" number of steps for a teacher's afternoon. This is one of the powerful uses of wearable tracking devices by children-it positions them as experts about what was being recorded. Most often, it involves the expertise of their own activities, but as schools operate with fairly standard routines for all people present, students also had some expertise about what their teachers did.
On Figure 8 , a particular day stuck out as being especially concerning. The points on the first day for both devices seemed much higher than the points from every other day.
Emily: [Pointing to the peak in Figure 8 ] So right about here is the off day… she ran to a meeting…that's only one time, she ran [extra] to her meeting and [extra] back.
In addition to noting the odd day in Figure 8 , Emily also prepared a plot of all the data points from the two teachers and examined the distributions (Error! Reference source not found.). She noted that the Fitbit and the iPhone app had very different distributional patterns. The Fitbit data had a clear peak and tails on either side. The app had a concentration of points with lower values and some gaps in the distribution. Based on these, she also concluded that the kinds of numbers obtained from the app lacked consistency even though the teachers' daily routines were fairly consistent and should produce a normal pattern of variation. She attributed this to a number of things, including the necessity for the teachers to sometimes hold the iPhones in their boots or because they needed to use their phones during class time to look something up or respond to an urgent text message. Thus, her final conclusion was that the Fitbit was a superior tracking device. 
Things learned and demonstrated
When analyzing her teachers' data, Emily took into consideration what number of steps would be reasonable for a typical day. The numbers, which were in the thousands (of steps), could be explained based on the observations she had made on a daily basis of how much teachers moved around during the school day and knowing from her own and other students' personal tracking how much students moved around in the school day at different times. She had calibrated a sense of plausible values, similar to what we have seen even when other students have very short periods of exposure to their self data [19] .
She also demonstrated a useful understanding of distributional shape that went beyond describing shape in terms of canonical descriptors (such as mode and range) and used those to make inferences. When the underlying object being measured is fairly consistent (such as how much a teacher moves around in the afternoon at school), the pattern of variability should involve a peak and some tailing off. It should not have concentrations of data points in some areas and large gaps otherwise unless there was good reason to believe that the nature of the school day was inconsistent.
Finally, as in the first case with the soccer students, Emily realized that data collection was messy and could produce data points that may or may not be usable relative to a research question. She encountered this when she had missing or partial data from her teacher participants, and she came up with a reasonable solution for how to deal with this even though it affected the total amount of usable data in the end for her comparison.
Opportunistic Use of the School Day
Like the students in the previous case, Emily participated in class data analysis discussions during the Fitbit starters. Through these opportunities, Emily studied data from several weeks' worth of her own and others' daily activities and had learned what to expect of data from "routine" days as well as how to recognize the effects of non-standard activities and potentially flawed data. She was able to draw on these experiences when analyzing and interpreting the data in her investigation.
Emily's case is particularly interesting in that it illustrates how children can leverage aspects of their school days often overlooked by others. For most school children, the school day includes routine, close interactions many adults. Because of her relationships with some of her school's teachers, the movements of adults were a particularly salient portion of Emily's day. Through her volunteer work, she had steady access to and contact with Mrs. Thompson in her afternoons and had developed a sense of typical activities in her class, while also witnessing any deviations from the routine. Similarly, through interactions with her classroom student teacher, Emily came to understand her routines as well. She was able to opportunistically use this knowledge to eventually draw her own conclusion to a research project of her own design.
CONSIDERING THE EFFECT OF THIS EXPERIENCE FOR THE LARGER CLASS OF STUDENTS
Emily, Geoff, Lauren, and Neill were not the only students to customize projects and analyze the school day. As a set of cases, they are appealing because we happened to get a good amount of data on their activities, and they were fairly articulate about what they had done when asked. In that year, students also looked at how far they had to walk to get back to the top of a nearby hill after sledding down using two different types of sleds; other students tried to determine if winning or losing students playing 3-on-3 basketball were demonstrably moving around the court more. Both of these were popular recess activities in the winter and in the spring, respectively.
Aside from some compelling cases, the question often arises in such explicitly education-oriented work about whether students made quantifiable gains in their understanding of targeted content.
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In this case, we were interested in gains in statistical reasoning, an increasingly important set of competences that the Common Core State Standards are emphasizing in elementary and middle grades mathematics education. We were fortunate enough to be provided with a set of assessment items from a research team that has done extensive and quite respected work in the assessment of elementary student statistical reasoning from a "Learning Progressions" perspective [6] . Briefly, learning progressions are potential pathways informed by recent cognitive and educational research on the development that can be realized over extended time through well-designed and properly supported classroom activities [7] . They can serve as guides for curriculum design, teacher professional development, re-articulation of standards, and for student assessment. Ideally, instruction would have some vertical integration so that students would not only show incremental growth along a progression over a short period of time, but through multiple years of spiraling through the similar content and processes, they would demonstrate desired levels of scientific and mathematical sophistication targeted in the most recent standards documents [1] . These are knowingly far more ambitious targets than what has been done in math and science education in the past decades, but have been demonstrated as attainable through educational design research [21, 25] .
Using the same, psychometrically validated items that were developed, tested, and implemented in another study [21] , we were able to quantifiably compare two fifth grade classes. One, which used Fitbit activity trackers and explored variability and custom projects first, was the source of the two cases presented in this paper. The other had not yet done the unit but would do it immediately after. They did have exposure to some elementary statistical content by virtue of what their teacher had opted to introduce to them at that point in the school year. Both were tested when the first class had finished the unit, so that we could compare the effects of this experience against classroom business as usual. The second class was tested a second time after they finished their instantiation of this experience. Unfortunately, because of timing and our ability to receive the testing items relative to when the first class could work with us, we do not have pre-test data for them. However, we have no reason to suspect, based on conversations with school administrators, that the students were grouped into different classes because they differed substantially in ability.
Assessments for each student were scored using multi-level rubrics designed to provide a fine-grained understanding of the performance thresholds achieved by each student across several knowledge and performance constructs. We then assigned numerical values to each threshold score, which we used to estimate performance gains for each classroom (see Table 1 ). These results show that there was significant improvement in both classes. As learning progressions are a rather new and ambitious model for designers of educational experiences, these positive results are quite encouraging. They demonstrate that while students can come up with some novel ideas for individual projects situated within a school day, there are measurable aggregate changes of consequence. While more work remains to be done, these aggregate changes along with the cases we have presented suggest that the general approach of using wearable activity tracking technologies, focusing on familiar aspects of the school day, and stressing the collection and analysis of real data has promise and a possible home within the classroom.
REFLECTING ON OPPORTUNISM AND INTERACTION DESIGN FOR CHILDREN
Much of this paper has had an educational flavor and focused on kids learning about and doing statistics. Yet throughout this paper, there has also been a recurring theme related to designers and children both being opportunistic. Taken in its colloquial sense, being opportunistic can easily be seen as having a negative connotation. In this sense, an opportunist takes advantage of circumstances and others' hard work for their own, selfish advancement. Opportunistic innovation, then, becomes a product of serendipitous circumstance rather than of particularly creative individuals or groups.
Yet, there is little reason for us to see opportunism in design as an inherently negative thing. In interaction design research, some have already begun to re-appropriate the term in more positive ways. For example, "opportunistic design" has been proposed as a term describe the practices of hackers [2, 9] . Hackers are observed as appropriating existing hardware and software components with which they are already familiar. They then modify and combine these components to create a new system that meets the hacker's functional requirements. Opportunism allows the hacker to leverage available resources and expertise in new and innovative ways without the expense and difficulty of generating a product with the same functionality from scratch. Why re-invent the wheel when we could cobble together a functional car with round objects that exist already?
We recognize there is an allure of creating radical new tools and experiences for children in radical new settings, and we are proponents of continued work in that direction. However, we contend much remains to be said about what can be done in familiar environments by appropriating tools that already exist. This opportunistic approach applies even in situations where an initial appraisal would suggest there are simply just an abundance of constraints that could limit innovation. This is often seen as the case for children's school days, where the schedules are rigid and routines are well established.
Yet we can design new experiences by seeing those constraints as resources and by considering how we can be opportunistic with respect to how those resources are used. For us, introducing wearable devices to children was key in this regard. While wearable devices have been quite popular in public media and also in HCI and ubiquitous computing circles, their use with children has been quite limited. (There are some noteworthy exceptions [24] ). Through the cases presented in this paper, we have shown how wearable devices can be made useful to children and in the confines of a school day. Using wearable devices to collect data allowed us to leverage the constraints of the school day and expose them to the students' inspection. The students, in turn, used these opportunities for inspection to facilitate the development of questions relating to familiar activities.
The larger point we have sought to make through this paper is that while the school day can create a set of constraints on what and how we design experiences for children, there are also ways in which we can and should be opportunistic. We can find existing routines where specific data discussion activities can take place (such as with the school's morning meeting). The repetitive routine of the school day also allows students to recognize what is standard in their experience and focus on where there might be meaningful variability (i.e., recess) subject to empirical testing and investigation. Considering half of their waking time on weekdays is spent in school, it might be wise for interaction designers to tap into the children's school day routines as a design resource.
And it is not just the routines of students that can be made into objects of inspection. Students know what others in the school building-including teachers-are doing as well. That can, as it did for Emily, be a driver and support for personal inquiry. In both of the cases we presented, the regularity of the school day also positioned the children as experts. The youth were able to make the kinds of determinations that scientists and serious data analysts must make such as what were the criteria for data to be kept in an analysis and what made data unusable relative to the questions that they are asking. The familiarity they had with what happens each day at school, we contend, played prominently in making that possible. In that respect, the students became opportunistic as well, and in our view is that was ultimately a good thing with respect to their learning.
And while wearable activity trackers were our tool of choice in this project and in this paper, we see little reason for this brand of school day opportunism to be restricted to wearable technologies. Imagine what could happen if the hallway foot traffic that naturally takes place between classes could be measured with pressure sensitive carpeting and used by a physics class to examine and measure forces exerted by (or against) people? Or what could happen if electricity meters were attached to standard school appliances such as projectors, desktop computers, fluorescent lights, and other frequently used school electronics as a vehicle to explore everyday energy consumption and conservation? These are just a few possibilities, but they, along with the cases of wearables that we presented above, hint at the possibility that there could be much to harness out of seemingly mundane activities and places. Approaching design for children with an eye toward opportunism may make those and other resources more visible to us and other designers in the future.
